Mixed Mg-Cr Nano ferrites having the compositional formula MgCr x Fe 2−x O 4 (where x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) were synthesized using Citrate-Gel auto combustion method. Structural characterization was carried out by XRD Analysis which confirmed the formation of single phase cubic spinel structure without any impurity peak. The dielectric properties such as Dielectric constant (ε'), Dielectric Loss tangent (tan δ) and AC conductivity (σ AC ) of Mg-Cr nano ferrites were studied at room temperature in the frequency range of 2 Hz -2 MHz using Agilent E4980A Precision LCR meter. The dielectric constant, loss tangent and AC conductivity shows a normal behavior with frequency. A qulitative explanation is given for composition and frequency dependance of the dielectric constant, dielectric loss tangent and AC conductivity of the nano ferrite. The loss tangent for the synthesized samples was found to be decreased from 0.09 to 0.054 in higher frequency region showing the potential applications of these materials in high frequency micro wave devices. On the basis of these results the explanation of dielectric mechanism in Mg-Cr ferrites is suggested.
Introduction
Nano ferrites have many applications in high frequency devices and they play a useful role in technological applications. One important characteristic of ferrites is their high values of resistivity, low magnetic and dielectric losses [1] which make them ideal for high frequency applications. Owing to the dielectric behavior, they are sometimes called multiferroics. They are commercially important because they can be used in, many devices such as Phase Shifter, high frequency transformer cores, switches, resonators, computers, TVs and mobile phones [2, 3] . Dielectric properties of ferrites are dependent upon several factors, including method of preparation, chemical composition and grain size [4, 5] . Since MgFe 2 O 4 and related ferrites are widely used components in micro wave family due to their high electrical resistivity, low magnetic and dielectric losses [6, 7] we investigated the dielectric behavior of these ferrites over wide range of frequencies at room temperature. In this study, we prepared nano sized MgCr x Fe 2−x O 4 compounds containing different levels of Cr with the assumption that dielectric properties would be improved by substitution of Fe 3+ ions with Cr 3+ ions. Substitution of Magnesium Ferrites with Cr 3+ ions at B site should be effective in enhancing the electrical resistivity. In the present work the aim of Cr 3+ ion substitution for Fe 3+ ions is to reduce dielectric loss. In this article we report the influence of Cr substitution on structural and dielectric properties of MgCr x Fe 2−x O 4 ferrites synthesized by Citrate-gel auto combustion method as a function of frequency and composition at room temperature.
Experimental

Synthesis of Mg-Cr Ferrites
Ferrites with chemical formula MgCr x Fe 2−x O 4 (x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) have been prepared by the Citrate-gel auto combustion method using high purity AR grade of Magnesium Nitrate-(Mg(NO 3 
Characterization
The structural characterization of powders was carried out by X-Ray Diffractometer to analyze the phase and crystallite size. For dielectric measurements the powders were added with a small amount 2% PVA as a binder to press the powders into circular pellets of diameter 13mm and thickness 1 mm applying a pressure of 5 tons. The prepared pellets were sintered at 500˚C for four hours in air in muffle furnace for the densification of the sample. For dielectric measurements silver paint was applied on both sides of the pellets and air dried to have good ohmic contact. The dielectric measurements were made using Agilent E4980A Precision LCR meter at room temperature in the frequency range 20 Hz to 2 MHz.
Using LCR meter the dielectric parameters such as Capacitance of the pellet, tan δ (loss tangent) and Capacitance of air with the same thickness as the pellet were measured.
The real part of the dielectric constant (ε') was determined from the following formula [8] The imaginary part of the dielectric constant (ε") or dielectric loss was measured by using the following relation [9] tan        The Ac conductivity was calculated using the values of frequency (f) and loss tangent factor as [9] 
Results and Discussion
Structural Characterization
The structural characterization of all the nano-ferrites was carried out by X-ray Diffraction. From the analysis the 2 theta and intensity data were used and graphs were plotted as shown in Figure 1 . From the X-ray diffraction pattern, crystalline phases were identified by comparison with reference data from the ICSD card No. 71-1232 for Magnesium ferrites. All Bragg reflections have been indexed which confirms the formation of a well defined single phase cubic spinel structure without any impurity peak. The strongest reflection comes from (311) plane that indicates spinel phase. The XRD patterns of all the Chromium substituted Magnesium ferrites showed the homogeneous single phased cubic spinel belonging to the space group Fd3m (confirmed by ICSD Ref 71-1232).
The crystallite size (D) was calculated for all the compositions using high intensity peak (311) from Scherrer's formula [10] and was in the range of 7 to 23 nm.
Lattice parameter (a) of the individual composition was calculated by using the following formula
where a = lattice parameter; d = interplanar spacing; hkl = the miller indices. The lattice parameter was found to decrease linearly with increase of Cr 3+ ions in the Mg-Cr nano-ferrites system indicating that the system obeys Vegard's law [11] . Hz and there is a decreasing trend in value with increasing frequency from 1000 Hz to 2 MHz which is a normal behavior of ferromagnetic materials. The decrease in ε' is sharp initially from 20 Hz to 1000 Hz (lower frequency) and then ε' value decreases slowly with the increase in frequency and showed almost frequency independent behavior at high frequency regions [12] . Similar behavior was observed in our publications on Mg-Zn Ferrites (Ravinder and Latha, 1999), Li-Cd ferrites (Radha and Ravinder, 1995). This normal dielectric behavior of spinel ferrites was attributed to the lagging of existing charge carriers (hopping electrons) between Fe 2+ and Fe 3+ ions at localized sites, where the Fe 2+ ions were formed in the samples during the sintering process at high temperature, responsible for polarization behind the applied field as its frequency increases [13, 14] . The data revealed that none of the samples exhibit any anomalous behavior of peaking. The variation of dielectric constant with frequency may be explained on the basis of space-charge polarization phenomenon [15] . According to this, dielectric material has well conducting grains separated by highly resistive grain boundaries. On the application of electric field, space charge accumulates at the grain boundaries and voltage drops mainly at grain boundaries [16] . Koops proposed that grain boundary effect is more at low frequencies [16] . As the frequency increased beyond a cer- and Fe 3+ ions results in local displacement of electrons in the direction of applied field that determines polarization. Polarization decreases with increasing value of frequency, and then reaches a constant value. It is due to the fact that beyond a certain frequency of external field, the electron exchange Fe 2+ ↔ Fe 3+ cannot follow the alternating field. The high value of dielectric constant at lower frequency is due to the predominance of the species like Fe 2+ ions, oxygen vacancies, grain boundary defects, etc. [18] while the decrease in dielectric constant with frequency is natural that is any species contributing to the polarizability is found to show the applied field lagging behind at higher frequencies [20] .
Loss Tangent (tan δ)
The value of tan δ measures the loss of electrical energy from the applied electric field into the samples at different frequencies. It is observed that the tan δ shows a decreasing trend with increasing in frequency. The loss tangent (tan δ) is defined as the ratio of the loss or resistive current to the charging current in sample. Also it is known that there is strong correlation, between the conduction mechanism and the dielectric constant behavior (Polarization mechanism) in ferrites. Variation of tan δ (the loss tangent) as a function of frequency (20 Hz to 2 MHz) at room temperature for all compositions is shown in Figure  4 . The tan δ decreases with the increasing frequency which is normal behavior of any ferrite materials. The values of dielectric loss tangent decrease from 0.09 (x = 0.1) to 0.054 (x = 0.9) at 2 MHz. This shows that with increase in Cr concentration the energy losses decrease at high frequencies. The low loss values at higher frequencies show the potential applications of these materials in high frequency micro wave devices. From the figure it is clear that the loss decreases rapidly in the low frequency region while the rate of decrease is slow in high-frequency region and it shows an almost frequency independent behavior in high frequency region. The behavior can be explained on the basis that in the low frequency region, which corresponds to a high resistivity (due to the grain boundary), more energy is required for electron exchange between Fe 2+ and Fe 3+ ions, as a result the loss is high. In the high frequency region, which corresponds to a low resistivity (due to the grains), small energy is required for electron transfer between the two Fe ions at the octahedral site. Moreover, the dielectric loss factor also depends on a number of factors such as stoichiometry, Fe 2+ content, and structural homogeneity which in turn depend upon the composition and sintering temperature of the samples [21] .
AC Conductivity (σAC)
Conductivity is the physical property of a material which characterizes the conducting power inside the material. The electrical conductivity in ferrites is mainly due to the hopping of electrons between the ions of the same element presented in more than one valence state. in the range of 20 Hz to 2 MHz at room temperature. At low frequency range the AC conductivity was nearly independent of the frequency and showed an increasing trend with increase in frequency for all the samples. This behavior is akin to Maxwell-Wagner type. The dielectric structure of ferrites is given by Koops phenominologics theory and Maxwell-Wagner theory [18, 22] . At lower frequencies the conductivity was found low due to the grain boundaries that are more active which acts as hindrance for mobility of charge carriers and hence the hopping of Fe 2+ and Fe 3+ ions is less at lower frequencies. As the frequency of applied field is increased, the conductive grains become more active thereby promoting the hopping between Fe 2+ and Fe 3+ ions and also responsible for creating charge carriers from different centers. These charge carriers take part in the conduction phenomenon thereby increasing the AC conductivity. The linear increase in conductivity was observed with frequency that confirms the polaron type of conduction. The frequency dependent conduction is attributed to small polarons [23] . At higher frequency where conductivity increases greatly with frequency, the transport is dominated by contributions from hopping infinite clusters.
Compositional Dependence of Dielectric
Parameters (ε', ε", tan δ and σ AC ) Figures 6-9 represent the variation of dielectric parameters (ε', ε", tan δ and σ AC ) as a function of Cr composition at selected frequencies (20 Hz, 1000 Hz, 2000 Hz, 3000 Hz, 1 MHz and 2 MHz) respectively. It can be seen that all the dielectric parameters ε', ε", tan δ and σ AC increase upto 10% of Cr doping, thereafter, these parameters decrease with further doping of Cr which is clear from Table 1. It shows the values of dielectric parameters for different compositions of the Mg-Cr ferrite system at particular frequencies. The initial increase in dielectric constant up to x = 0.3 may be due to the formation of Fe ions on octahedral sites. This typical behavior can be explained on the basis that in Cr containing ferrites, Cr ions prefer to occupy the octahedral coordination until the ratio of Cr substitution becomes greater than 60%, whereafter, Cr ions may increase in tetrahedral sites causing migration of equal number ions to the octahedral sites [24] . The behavior can be explained by assuming that the mechanism of dielectric polarization is similar to that of the conduction in ferrites (Robinkin and Novikova, 1960). They observed that the electronic exchange interaction between Fe 2+ ↔Fe 3+ results in local displacement of the electrons in the direction of an electric field which determines the polarization of ferrites. The presence of Fe 2+ ions in excess amount favors the polarization effect [25] . Thus more dispersion was observed in the sample with low Cr 3+ ion substitution. This is because at low Cr 3+ concentration the presence of Fe 2+ ions is in excess amount. As the Cr 3+ ion substitution increased it occupies the octahedral site in the ferrite system, thereby decreasing the number of Fe 3+ ions and there is a least possibility of electronic exchange interaction between Fe 2+ ↔Fe 3+ , which results in decrease in dielectric parameters with increasing Cr content in the present system. Table 1 shows the values of dielectric parameters for different compositions of the Mg-Cr ferrite system at selected frequencies.
Conclusions
We have successfully synthesized single phase MgCr x Fe 2−x O 4 nano ferrites with cubic spinel structure through Citrate-gel auto combustion method with very fine crystallite size of the particles ranging from 7 -23 nm.  The dielectric constant of all the ferrites is very low at low frequency which may be due to low content of polarizable Fe 2+ ions on the octahedral site.  A normal dispersion in dielectric parameters (ε', ε", tan δ) with frequency was observed for all samples and this has been explained on the basis of space charge polarization mechanism as discussed in MaxwellWagner model.  AC conductivity measurement indicates that with increase in Cr 3+ substitution Mg-Cr nano ferrites, AC conductivity increases linearly with frequency which suggest that the conduction in the present system may be due to the polaron hopping mechanism.  The values of dielectric loss tangent decrease from 0.09 (x = 0.1) to 0.054 (x = 1.0) at 2 MHz. This shows that with increase in Cr concentration in Mg-Cr nano ferrites the energy losses decrease at high frequencies. The low loss values at higher frequencies show the potential applications of these materials in high frequency micro wave devices.
